ABSTRACT
Introduction
Acute appendicitis should be a clinical diagnosis. In the UK, however, the diagnosis of appendicitis is incorrect in one in five patients. At 21%, the UK negative appendicectomy rate is higher than expected in a developed healthcare system. 1 The practice of selective rather than universal preoperative imaging may contribute to the high rate in the UK. Established imaging techniques such as ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) are diagnostic adjuncts that are correlated with a reduced negative appendicectomy rate in other developed healthcare systems. In the US and the Netherlands, routine imaging is associated with a reduction in the negative appendicectomy rate to 4.5% and 3.3%, respectively. 1, 2 The immediate costs of imaging studies can be a barrier to their routine use in the investigation of patients with suspected appendicitis. On the other hand, we often underestimate the costs of a negative appendicectomy. It is therefore possible that considerable healthcare savings could be made within the NHS if the negative appendicectomy rate is reduced. In this study, we aimed to determine the incidence and the associated financial impact of negative appendicectomy at Queen Alexandra Hospital using NHS tariffs. We sought to determine whether routine cross-sectional imaging of patients with suspected appendicitis could reduce the costs and remain safe for our patients.
Materials and Methods
We performed a retrospective analysis of appendicectomies between 1 October 2013 and 30 September 2014. Patients were identified from the electronic theatre record and matched to their hospital International Statistical Classification of Diseases and Related Health Problems coding data and an electronic pathology database. Patient data included demographic details, preoperative blood results, type of operation (open or laparoscopic), operative time (minutes), appendix histology and length of stay (days). The number of patients seen with suspected appendicitis was derived from a previous departmental audit (Dabare et al., unpublished data) on all patients presenting with right iliac fossa pain to our hospital and was estimated at 1200 patients per year.
To calculate the associated financial costs, we analysed length of stay and operative time. Operative time was costed using a previously published estimate of £16 per minute. 3 The costs of consumables, including laparoscopic equipment, were not estimated. The financial costs of length of stay were approximated from NHS Reference Costs 2014-2015 for non-elective bed days for patients postappendicectomy. 4 To keep our estimations conservative, we used the cheapest daily bed stay tariff for adult and paediatric patients with no comorbidities, which are £298.76 and £510.41, respectively. We assumed that the negative appendicectomy rate would only decrease to approximately 5%, consistent with Dutch and American results. 1, 2 The study was conducted at Queen Alexandra Hospital NHS Trust, a 1250-bed acute District General Hospital in Portsmouth, UK. All patients were seen by the emergency general surgery team following referral from the emergency department or a general practitioner. The decision to operate was made by a consultant general surgeon or surgical registrar based on clinical findings, serum white cell count, serum C-reactive protein and selective ultrasound. Continuous data were expressed as mean (standard deviation) if normally distributed data or as median (25th percentile, 75th percentile) if not normally distributed. Comparisons were made between groups with Mann-Whitney U test or independent samples T-test as appropriate. Categorical data were expressed as numbers (percentages). Statistical significance was accepted at P less than 0.05. All calculations were performed with IBM SPSS Statistics version 22.0.
Results
Five hundred and thirty-one patients, aged 5-years and above, had an appendicectomy during the year and were included in this study. The demographics of these patients are summarised in Table 1 . The negative appendicectomy rate was 22% (115/531) in all patients and 13% (14/108) in the paediatric cohort (age 6-17 years). Of the total, 85% of patients underwent laparoscopic surgery, 2% patients had laparoscopic surgery converted to open and 6% patients underwent open surgery. The mode of access was unknown in the remaining 7%. The median white cell count and C-reactive protein were significantly higher in the appendicitis group. Median theatre time (door to door) and operating time (skin to skin) were also significantly longer for patients with appendicitis compared with patients in whom histologically normal appendices were removed but anaesthetic time and hospital stay were not significantly different between the two groups ( Table 2) .
If the negative appendicectomy rate was reduced from 22% to 5%, the estimated total hospital costs for these patients would be reduced from £262,581 to £63,085 per year in our institution (Table 3) . Despite the additional costs of routine imaging of the estimated 1200 patients per year who present with right iliac fossa pain in our institution (so as to achieve the 5% negative appendicectomy rate), there will still be total hospital cost savings using any of the three modalities (ultrasound, CT or MRI) between £33,896 to £132,296 (Table 4) . 
Discussion
This study postulates there may be financial savings to be made by routinely imaging all patients with suspected appendicitis. A negative appendicectomy incurs costs to the hospital, including the costs of bed occupancy and operating theatre time. This study attempts to quantify both of those variables for a year's worth of appendicectomies in our institution. We recognise that our analysis overestimates the need for imaging for all patients. In some patients clinical diagnosis alone is sufficient; for example, patients who are peritonitic need surgery often without imaging. The costs we have estimated are therefore likely to be excessive and the savings to be too conservative.
Other costs are more difficult to capture. The costs of consumables, including laparoscopic equipment, were not calculated but would likely be less than £100 per patient and would incur additional savings if surgery was avoided.
There are costs related to the treatment of postoperative complications both in hospital and in primary care. Postoperative complications for the removal of a histologically normal appendix are around 5-10%. 5 Costs to the economy include the loss of earnings of a patient or their carers during their recovery following surgery. In 2010, the negative appendicectomy rate in the Netherlands was 15%. Consequently, guidelines that mandated imaging of all patients with suspected appendicitis prior to surgery were introduced. 6 After implementation of the guidelines in 2014, Van Rossem et al.
2 audited the management of appendicitis at 62 Dutch hospitals. They demonstrated that the negative appendicectomy rate had reduced to 3.3%. 2 These results are similar to the results of the Surgical Care and Outcomes Assessment Program (SCOAP) study in the USA, where the negative appendicectomy rate was reduced to 5.4% in 19,327 patients who underwent mandatory imaging. 1 Studies have shown that mandatory imaging can save costs. 7, 8 While clinicians may reserve the right to scan patients selectively based on their own clinical judgement, robust evidence demonstrates this approach results in a higher negative appendicectomy rate compared with mandatory imaging (13.9% vs. 2.6%). 9 The SCOAP study showed the odds ratio of negative appendicectomy in non-imaged patients was 3.7. This mandatory imaging approach improves the service to patients with suspected appendicitis as it enables an early diagnosis which, in most patients, facilitates early surgery or discharge. This reduces the need for prolonged inpatient observation or repeat attendances. 10, 11 Selection of an appropriate imaging modality can be challenging. CT is the first line investigation in the US. However, in the UK, the costs and perceived risks of radiation exposure from CT is a barrier to its routine use. This is particularly true in younger patients, where the cumulative risk is believed to be greater. The link between radiation dose of CT and risk of cancer was established in part based on data from the Biologic Effects of Ionizing Radiation VII report. 12 Estimates on cancer incidence from CT have been derived from follow up data on survivors of Hiroshima and Chernobyl. Other authors have made the point that extrapolating the carcinogenic effects from a nuclear disaster to a CT scan is contentious, 13 although all clinicians agree that radiation is likely to be harmful and should be limited wherever possible. Similar concerns are held in Holland with regards to the radiation dose of CT 2 and, consequently, ultrasound is the first-line investigation CT, computed tomography; MRI, magnetic resonance imaging; NAR, negative appendicectomy rate.
for suspected appendicitis. 6 Published studies of ultrasound for appendicitis have high experimental diagnostic accuracy 14 but the same is not true in UK clinical practice, 15 where ultrasound has been the first-line test in patients under the age of 40 years presenting with suspected appendicitis. Radiographers are involved in providing ultrasound for suspected appendicitis in the UK, while in the Netherlands this service is provided exclusively by radiologists. Given that ultrasound for appendicitis is an advanced skill, this may explain the poor diagnostic results in the UK versus the Netherlands. Within our study cohort, 231 patients underwent an ultrasound scan preoperatively. Ultrasound had a sensitivity of 77% and specificity of 61%, although the appendix was not visualised in 36% of cases.
The sensitivity rose to 81% and appendix non-visualisation rate decreased to 11% with a specialist gastrointestinal consultant-provided service. 16 We therefore believe that advanced training in and audit of gastrointestinal sonography is required to improve UK results. MRI is an imaging technique that holds promise and is under review. 17 It has a diagnostic accuracy equivalent to CT, without the radiation exposure. New MRI protocols have reduced on-table scan time to less than 3 minutes in children. 18 However, MRI requires gastrointestinal radiology expertise to report, which is currently a scarce resource, particularly out of hours. There are therefore challenges to implementing a mandatory imaging policy based on ultrasound (poor sensitivity), CT (radiation exposure) and MRI (lack of expertise and availability). The most feasible approach would be an adoption of the Dutch pathway: ultrasound as a first line test, followed by low-dose CT (in adults) or MRI (in paediatric or pregnant patients) if the ultrasound is negative or inconclusive.
Competing departmental priorities and complex reimbursement tariffs within the NHS currently inhibit the establishment of a mandatory imaging service. Provision of routine imaging slots may incur costs to a radiology department whose budget is not compensated with savings from emergency theatre provision or reduced inpatient stay. Reimbursement tariffs also mean that costs are not always clear. In other words, it may appear cheaper to a surgical departmental budget holder to remove a normal appendix than to avoid surgery with imaging, even if the hospital costs may be greater. An inadequately resourced policy of mandatory imaging may result in delays to theatre and, consequently, a longer length of stay or possibly more morbidity.
There are some rarely discussed and controversial benefits to a negative appendicectomy. It can eliminate appendicitis as a cause of right iliac fossa pain and can enable early and safe discharge of patients following uncomplicated surgery. Anecdotally, some patients with right iliac fossa pain feel better following appendicectomy, despite negative appendix histology. Whether this is due to a placebo effect or the mooted 'neuroimmune appendicitis' is unclear. 19 Finally, laparoscopic excision of a normal appendix is frequently regarded as an ideal training case for our junior surgical trainees. We would contend that this reason is no longer justifiable in modern surgical practice where patient safety is paramount and, thus, any imaging that avoids unnecessary surgery should be considered instead.
Conclusion
In summary, the negative appendicectomy rate in the our institution appears to be too high. We have postulated that, in our institution, mandatory imaging of patients with right iliac fossa pain would not only reduce unnecessary appendicectomies but also reduce hospital costs and provide a better service to our patients. We therefore recommend this approach should be more widely considered within the NHS. As a result of this analysis, we have implemented a new 'right iliac fossa pain' pathway at the Queen Alexandra Hospital that emphasises the importance of early imaging in our patients. We plan to re-audit the outcomes of this pathway to confirm if it leads to both a lower negative appendicectomy rate and a more cost-effective service.
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